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optic scale features. This examination was on the suitability 
of an existing wind speed and humidity dependent extinction 
model during different synoptic conditions. ihe primary 
synootic features in Question are the death of the atmos- 
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inversion. Aerosol extinction profiles were calculated from 
aerosol size distributions measured from an aircraft in the 
vicinity of honterey Bay. mixed layer descriptions were 
obtained from temperature and humidity profiles obtained 
from aircraft spiral ascents and shipboard and shoreline 
radiosonde launches. The presence of the inversion reduced 
the accuracies of the current ha vy ( dells-hats ) and Air 
force (LC’JTRAII 32) models in estimating the extinction pro- 
file. The inversion represents a cap to the vertical 
transport of surface generated aerosols. This is net accounted 
for in the models. 10 iTRAN 35 was found to be inadequate 
in most respects whereas the Viells-Katz model could be 
modified to obtain reasonable mediations. .<;Cdel steoifi- 
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The Department cf Defense (DCD) and its agencies are 
interested in optical properties because cf optically guided 
•veapon systems. The Air Force is particularly interested in 
aerosol extinction for its precision guided munitions (PGA) 
/“Cottrell et al, 197 9_7* DCD has TGh's that operate at 
differing wavelengths which range from the visible to the 
microwave regions. The PC-h has a greater ability to hit a 
target than conventional munitions, but an important con- 
trolling factor is the ability of the guidence system to 
"see" the target. The ability for the FGI.I to "see" the 



p ^ CT0 1 



is dependent on the wavelength for which sensors are designed 
and the properties of the intervening atmosphere. The 
degrading properties of the atmosphere are principally molecular 
absorption and aerosol scattering. The wavelengths for the 
different sensors are primarily selected so that molecular 
absorption is minimized. 'Therefore, scattering by aerosols 
becomes the main concern, once a relatively molecular 
absorption free window has been found. 

Relatively absorption free windows exists in the visible, 
infrared (IP), millimeterwave , and microwave wavelengths. 

V. r hile both absorption and scattering by aerosols are 
affected by weather elements, scattering appears tc be mere 
affected than absorption in most cases /“Cottrell et al, 1979_7* 
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The ability to assess aerosol extinction from synoptic 
scale descriptions would help in decisions of v/hich type of 
system to use against a target, because some systems are 
launched from the air, it is important that descriptions 
include vertical distributions of aerosol extinction. Models 
exist for estimating vertical extinction profiles but they 
have not been validated sufficiently. To do this, profiles 
of actual extinction must be compared to the extinction pre- 
dicted by existing models. If the models do not v/ork and if 
modifications cannot be made, new models must be developed. 

The purpose of the study is to describe the synoptic condi- 
tions occurring with a unique set of mixed layer and aerosol 
data to evaluate an existing model. 

An experiment entitled Marine Aerosol Generation and 
Transport (MAG AT) was conducted in the vicinity of the 
Monterey Bay, California, during the period of April 28 to 
May 9 i 1920. The purpose of this experiment is to examine 
the compatibility of optical and micrometerorological propa- 
gation theory, and to extend dynamic models of the evolving 
marine atmospheric boundary layer to include aerosol and 
turbulence profiles /~Fairall, 1980 and Fairall et al, 19?0_7, 
Two platforms, the 2/7 AC Ah I A and an aircraft, were used. 

In this study, overwater radiosonde profiles from the 
2/7 ACANIA, profiles from the spiral flights of the aircraft, 
and overland radiosonde profiles at the haval Postgraduate 
School (hPS) are compared to aerosol measurements and model 
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prediction made from ladder flights of the aircraft. -he 
approach was to describe the prevailing synoptic conditions 
at the time of the soundings and to show how these condition 
affected the vertical aerosol extinction at 3.75 microns. 

The results are compared t o those presented by Hughes (1980) 
•'/here both the height and the strength of the inversion we re 
considered . 
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Background discussion will consist of a sunn ary of the 
investigations by Hughes (i960) and Hughes and Richter (I 98 C) , 
and brief descriptions of the evaluated models. 

Bhe aerosol extinction coefficient, the parameter of 
interest, is a function of the wavelength of the radiation 
(A), particle size (r), and particle index of refraction (n) . 
Since aerosol absorption is negligible, aerosol extinction can 
be almost entirely attributed to scattering processes. there 
are three types of scattering (Rayleigh, Hie, and Ron-selective 
v/hich depends on the ratio cf the size of the particle xo the 
v/avelength. Rayleigh scattering applies to particles v/hich 
are much smaller than the v/avelength, Hie scattering to 
particles which are near the same size as the v/avelength, and 
Ron-selective scattering xo particles which are much larger 
than the wavelength Raby , 198 1_7- 

The scattering area coefficient, H , is xhe determining 
parameter in Hie scattering. H is the raxio cf the incident 
wave front to the effective cross-sectional area of the 
particle. The extinction coefficient, b, is related to H 
as follows : 



r o 

=f (D!T/r>r) -( n ,r/A) A(r) 



dr 



1 Ll 



( 1 ) 



where DH/Tr is the number of particles per size range Ir in 
a size interval centered at radius r. '(n, r/A) is she It is 
scattering area coefficient, and A(r) is the particle area, 

9 

nr ~ , for spherical particles, extinction coefficients based 
on observed aerosol distributions can be computed, for 
either discrete wavelengths or a wavelength band, using- 
exact Mia coefficients /".baby, 1931/7. 



A ?TMM" C! 7C| err?"’- rn'T'O / ^ Tf- 37 T" T“?T,Trt 

r. . . .1 I 4.-—’ L. « O _ O — — <4.'i 1 1 — lit. ijAi. -*.*• — , *. . «. 

H. G. Hughes (190C) evaluated extinction profiles deter- 
mined from measurements of aerosol size distributions obtained 
by MC3C investigators in the vicinity of San Hicclas Island, 
California, during April -May 1973. He compared observed 
extinction coefficient variations with height to those pre- 
dicted from the Hells -Gal-Hunn (HGH) model /".veils et al , 

1977 J and to the 10 VJ TRAM 3B model. Relative humidity, which 
is an input parameter of the VJGM model, was calculated from 
the air and dew-point temperatures, which was measured 
coincident with the aerosol measurements. 

Three days were chosen for evaluations because of the 
depth of the mixed layer and the strength of inversion. 
Conditions for one day (28 April) were a shallow mixed layer 
and weak inversion, conditions for the second day (3 May) 

•vere a deep mixed layer and a strong inversion, and conditions 
for the third day (11 May) were a shallow mixed layer and 
strong inversion. The surface wind speeds for these days 
were 3 — 5 » 5-7, and 10-12 m/s, and visibilities were 1c, 11, 
and 23 km, respectively. 
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Aircraft mounted instrumentation used in the measurements 
’•/ere (hughes, 1930): 

(1) An airborne hncllenberg ASSP-10C spectrometer probe 
for aerosol size distributions. The measurements gave a 
radius coverage from 0.225 to 14.7 microns. Tata v/ere summed 
for four second tine spans. 

(2) An HP200A quartz thermometer for air temperature. 

(3) An 3G&G I’M 73-244 for dew-point temperature. 

(4) A pressure sensor for measurements of elevation. 



3. V/ILL3- GAL - IAUi h I hC DEL 

The VJGM maritime aerosol model is a two component analytic 
expression for the aerosol size distribution. Continental and 
maritime aerosols are represented by two components of the 
.analytic expr e s s ion . 

The maritime component was adopted from the Diermend jian 's 
/"hells at al, 1977_7 haze model where the number distribution 
is described by 



/~dh(r)/d log(r)_7 = ar'~ exp(-bry). 



(2) 



h(r) is the total number of particles per cubic centimeter, 2 
is radius of the particle and dependent on relative humidity 
( hh) , a and 7 are dependent on the velocity cf the wind (u) 
in m/s, and b is a constant. The values for a and were 
determined by empirical methods and hare the form 



250 + 75C u 
0.29 



1.15 



= 6900 



u 



for u < 7 m/s (3) 

for u >7 m/s 



zor 
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The model allcv/s for aerosol particle sise change in 
response to relative humidity changes . The equation for th- 
is given by 



V» ~ V* H 

-?.h - 0* 



( 5 ) 



•■/here r is the radius of the oarticle at aero oercent 
o * 

relative humidity and F is the grout h factor. ? is 

? = 1 - 0.9 In / - 1 - ( RH/ 100 )J „ ( 6 ) 

(F.H/100) is the decimal equivalent of percentage. It is 
noted that the expression for ? is for sea salt aerosols • 
sodium iodide as the nucleus. 

Including relative humidity, the altitude dependence, 
and the continental component in the equation yielded the 
final form of the equation used by hells et al ( 1977 ): 



/"d:;/drJ7=-4^ I 0.47 ( 



(4r) 



r % 

-TT» J 



er-p(- 



-n 



2 . 3 cx ( + C£ u 

* - -f r 1 • 



6 ) (4,! exp,f-E 



( 7 ) 
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r\ 

"1 ‘ 


0 9 u * is defined as a 


n V. 


Equation 


q 


and 


h„ and h„ are scale heig 


..Okj 


j-O- 


con 


— — 


time components; valuss 


fo 


it uhese 


seal 



neignts can os 

found in Tails I of the published paper /"'.Jells st al, 1377_7‘ 
Hughes ( 1980 } shov/ed that the constant coefficient in the 
maritime component should be the inverse, 0.^3^ instead of 



n • r?~ T C ~ r \ r "> r ? r '" V |T?T 
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A version (VJells- Catz) of the previously described model 
is that used to compare actual versus calculated extinction 
coefficients in this stud 3 r . Modified through empirical methods, 
the '.'Jells-Kat s Jlodel is as follows 

/~dN/dr_7 = 1.7 (-£-)“ 4 ~ 1-62 (C,t C p v 6 ) 

z 



(at / _ 



h o F 



-e - 5 ( — 



a 



) F 7) V ~ 1 (-£4 



/ - \ 
\ 7, J 



The first term is independent of elevation whereas it was 
not in the original model. The third term is still elevation 
dependent, r is the droplet radius in microns, Z is the 
elevation above sea surface in meters, and h Q is the scale 
height (800 m) for altitudes less than one km. ot is given by 



ot = 0.S1 exp/ - 0 . 066 RH / (1.056 - ?.H)_7 



( 9 ) 



where RH is the fracaticr.sl relative humidity for relative 
humidity between 40/ and 96.6fs. v is the wind factor 
scaled from surface speed u, in this case the wind speed 
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•;/ is taken from ship height, and defined as 0.5 n/s ^cr 

speeds less than or equal to b m/s snd as (u - 3*5) m/s 

ax speeds greater xhan b m/s. ihe growth factor, f, is 

defined as one plus the qu, entity v/oO cubed. /" is the same 

as y in the original equation. 0^ - C ? v° is defined as 

a for velocities greater than 7 m/s, whereas the value becomes 
^ 

0 ^ iuuo ✓ 

>c - “7 



for velocities less than or equal to 7 



m/s /~Hoonkester , 



x-/ » o u ± 0 Jr n l U nr* o 

Results of comparisons between observed and predicted 
aerosol extinction ’ey hughes (1380) and Hughes and Richter 
(198C) appear in Figures 1 and 2. these from Hughes are cased 
on the HGI-; model and the LG..' OR AH 3L maritime model. In 
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results from 


this study 
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(a) Aerosol extinction coefficient varia- 
tion with altitude calculated using aerosol 
size distributions measured during constant 

altitude ( • ) and spiral ( ) aircraft 

flights; the ‘.j Gil model X) ; and the 

LCV/fHATT 32 maritime model ( ) . 




km * 1 



(b) As in (a) 




P* km - 1 

(c) As in (a) except no 
constant altitude aircraft 



Figure 1. Hughes' aerosol extinction coefficient variations 
with altitude. (Hughes, 1930) 
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figure 2. Comparison of 
(smoothed) with altitude 



;incticn 



coefficient 



calculaxed using air 



va: 



'iax ions 
.nollen 
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measurements and those calculated using ohe i-iunn- 
LCVMRAK 33 maritime model. (Hughes and Richter, 19 
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The data for aerosol extinction were measured from the 
Airborne Research Associates’ turbo charged Bellanca, using 
the fCSC aeroscl measurement system consisting of a "article 
Measurements System ( FI'S ) model AS3AP (Figure 3). All 
measured data were sampled every 2.5 seconds with a two-scan 
average every five seconds. The aircraft flew at a constant 
altitude for two minutes during measurements then ’went to a 
different eJLtituae (ladder) and repeated the process. The 
data were stored on magnetic tape. The aircraft also measured 
air and dewpoint temperatures, which were used to compute 
relative humidity. The primary vertical profiles for this 
study are of aerosol extinction (actual and predicted) and 
relative humidity. 

Turing flybys -with the R/Y AC ARIA, aircra.fi a.erosol 
distributions were compared with those obtained with two 
probes on the ship. The two probes on the R/Y A CAR I A were 
the PR.S models CSAS ( classic, al scattering) and A3A3 (active 
scattering), Figures h and 5* controlled by a PRS data 
acquisition system (DAS-32) with a computer interface. The 
shipboard systems measured aerosols in 90 different size 
channels from 0.09 to 1^.0 micron radius. Because the ship- 
board aeroscl system had a wider size range, aircraft aerosol 



22 




^igure 3. Spectrometer probe mounted on the aircraft. 
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Figure 5. Sensor locations on board the R/7 AG Ah I A : 
sensors at 2 and h, spectrometer probes at 3- 



oil 
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data "/era corrected to agree with the shin aerosol data 



/" Pair all, 1930 and Pair all er al , 193C_7 



. i" 1 3 



O L» — . 0^1 



factors v/ere used v/hen computing the vertical extinction 



profiles 



Profiles of virtual potential temperature and mixing ratio 
'•/ere obtained from three different sources. The reason for 
using these two parameters, instead of temperature aid dew 
point, is that the mixed layer and inversion are more easily 
identified wish the former. The sources v/ere spiral flights 
by the aircraft and radiosondes launched from ITS, aid from 
the R/V AC AT! I A . The tracks of the ship and aircraft during 



;he 



ys of interest are shown in Figures 6-9 end Figures 



10-16. The location of NFS is included in the ship tracks. 
Then the R/V AC AT! I A was not on these tracks it was positioned 
between Point Pinos and Marina, (Pigure 17). The locations 
of the ladder (I) aid spiral (S) flights are given for the 
aircraft tracks . 

V/ind speed is an input variable for the ’.'Jells -hat z model, 
and is based on 30-minute averages observed aboard the R/V 
ACAIIIA. Some winds are averaged ever shorter time periods 
because of maneuvering of the ship. These winds are measured 
at the 20.5 meter level and corrected for ship’s speed and 
direction. In some cases the wind had to be calculated from 
the friction velocities calculated from aircraft measured 
values of the rate of dissipation of turbulent kinetic 
energy ( € ) . e was the variable of interest in ether 
analyses of the experiment and will not be discussed further 
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6. Cruise track of the R/V AC Ail I A on 1 May I 98 C. 
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Figure 7. Sane as Figure 6 except 3 --lay 1S80. 
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Figure 2. 



Same as Figure 6 except 5 ^ay 1920. 
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Figure 6 except 6-8 May 1920. 
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gure 10. Flight 
hay 1980. 



path of the aircraft on 



0.15 



afternoon of 
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Same as Figure 10 e;:cen J 



morning 
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19^0. 
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gure 



11 . 
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ure 15 . 3ama as Figure 10 except morning of 7 Hay 1930. 




ure 1 6. Sams as 7igure 10 except afternoon of 7 May 1980. 
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Figure 17. 1-1 ap of Aonterey Bay, location of 
’■then not on track and locations of Fritzsche 
Ronterey Airport (ARB) . 
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hare. -he reason winds -’are estimated from aircraft measured 
e values is shat the shipboard measured v/inds to be repre- 
sentative. bind speed is not measured by the aircraft. 

Other non-aerosol instrumentation used on both the 
aircraft and ship are described by Fairall (1979) and Schaerer 
et al (1980a). 
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The surface and 500 millibar synoptic charts and GOSS 
'Jest satellite imageries. Figures 18-25 » used to evaluate 

the synoptic situations. The charts used for this presenta- 
tion are from NCAA weehly series of daily weather maps. 

Local weather conditions occurring are obtained from the 
U.S. Army, Fort Cra, Fritzsche Field weather observations 
when possible. Fritzche Field is not a 24-hour reporting 
station so observations from the Monterey airport are used 



at times when observations are not available. 



J. UtlOU 



ne 



Field observations are chosen over these of Monterey airport 
because they are more representative of the weather conditions 
occurring out in the Bay where the ship and plane are 
operating. As shown in Figure 17 » Monterey airport is 
protected by a land mass to the west which prevents fog 
from arriving at the airport until after its arrival at 
Fritzsche Field. Fritzsche Field is located 5 hm from the 
Bay and 14 lor. to the north-northeast of NFS. Because of the 
land mass west of Monterey Bay and its orographic effect, 
fog forms west of Point Finos and then bach fills into Montere 
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Pisrurs 18. Surface and 
U.3. at 05C0 ?DT on 28, 



500 milli'Da.r analyses 
29, and 30 April 1980 




v/est err. 



ao 
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igure 



19. Same as Figure 13 except 1, 2, and 3 nay 1$80. 
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' igure 20. 1 '.lay 1920 GOES .Jest Satellite imagery at 0915 IDT. 
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7igure 21. 3 May 1980 GOSS 'Jest Satellite imagery at 12^5 FDT. 
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figure 22. Came as Figure 13 e: 



Ll 



and 6 lay 1930. 
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'igure 24. Same as Figure 18 except 7 , 3, and 9 •■•ay 1920 
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The v/e at her conditions were generally neutral with 
occasional moderately stable and moderately unstable condi- 
tions. Several '.vest frontal systems passed through the 
area during the experimental period. Showers occurred during 
the first and last days of the experiment in conjunction with 
frontal passages. Low cloudiness and fog occurred during 
the morning from 29 April to 5 hay, with fog returning again 
on the 9th, the final da?/ of the experiment. 

At the beginning of the period, the area is dominated 
by a slowly eastward migration of a cut-off low at the 5'CC mb 
level, Figure 18 and 19. By early morning on 2 ...ay, the 
area is under the influence of a weak ridge, Figure 19. Cn 
3 hay, the area is under divergent flow at the upper level, 
Figure 19. An upper level low has formed off of Baja, 
California on 4 hay leaving the area under an influence of a 
Col, Figure 22. Cn 5 hay, the area is between a trough and 
a ridge (Figure 22) , and by 6 -ay, the area is on the back- 
side of the trough (Figure 22) . Because of deepening of the 
trough, the area is still on the backside of the trough on 
7 -Cay, Figure 24. A new upper level trough formed and is 
approaching the area on the final two days (8-9 hay) of the 
experiment, Figure 24. 
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Surface winds are relatively light, 0 to 10 kt , during 
the period and increase toward the end of the period to 
1 6 kt, with gusts to 22 kt . 

An important feature in these interpretations is the 
nature of the mixed layer, often topped cy an inversion, 
with regard to stability and hence mixing intensitites . 

It is assumed that mixing becomes greater as conditions 
become mere unstable. 

At the start of the experiment, the mixed layer exhibits 
stable to slightly stable conditions until around 1800 ?DT 

28 April v/hen conditions become more neutral. The neutral 
condition remains until 1 ."'ay "/hen conditions once again 
become stable. A weak frontal passage before OfOO ?DT on 

29 April does not appear to affect conditions of the mixed 
layer feature. The mixed layer remains stable until a 
frontal passage on 2 may when conditions become neutral and 
remains as such until 5 1-ay . In she morning of 5 lay, con- 
ditions are slightly stable, returning to neutral on 6 may, 
despite a frontal passage at 13C0 PDT cn the fifth. They 
remain neutral from 5 way to the end of the experiment on 

9 May. 



B. MIXED LAYER AMD ASRCSCL EXTINCTICI! RESULTS 

Days chosen for further analysis are 1, 3 , 5 > and 7 May. 
Reasons for these choices are presented with the description 
of these days. Cn the first, the area is under the influence 
of a surface low in Colorado, with a frontal system 
approaching from the northwest, Figure 19* Cn. the third, 
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which passed through early on the second, figure 19 . Cn 
the fifth, a frontal system passes throug 
approximately 1300 FDf (figure 22), at th 

visibility improved to 25 miles and later to 45 miles. Cn 
the seventh, the area is behind the frontal system which 
passed through on the fifth while another system is 
approaching from the northwest, figure 24. 

The results are shown in the vertical profiles of specific 
humidity, virtual potential temperature, relative humidity, 
end comparisons of observed and predicted aerosol extinction 
at the 3.75 micron wavelength. The 3.75 micron wavelength is 
chosen because it is the wavelength used by Hughes (1980) and 
Hughes and Richter (1980). The locations of the ladder flights, 
from which the profiles were obtained, are designated L 
in the aircraft flight paths given in figures 10-16. The 
ladder profiles have corresponding spiral profiles which 
appear in figures 10-16. 

The profiles of virtual potential temperature and specific 
humidity obtained by spiral and radiosonde ascents are shewn 
in the following description of the chosen days. An aspect 
of these profiles will be the difference occurring between 
the locations and the types of measurement (spiral or 
radiosonde) . These differences are described but there is 
no attempt to interpret the reason unless the difference 
represents an obvious horizontal change in the mixed layer 
depth. The objective in presenting the various profiles 



bo 



01 



is tc provide a general picture of the nixed layer conditions. 
The general nixed layer depth end structure is viewed as a 
synoptic scale aspect of the observed extinction profiles, 

1. 1 hay 1950 

The first of hay is chosen because of a parallel 
research study pertaining to the use of satellite anomalous 
gray shades to predict extinction /"* 3 chultz, 1981_J7. 

The surface winds are light and the surface layer 
is unstable throughout most of 1 May becoming stable at the 
end of the day (Table I). The area is under the influence cf 
a surface low in Colorado, with a frontal system approaching 
from the northwest, Figure 19. The early morning hours are 
dominated by low cloudiness and fog until 1C0C ?DT . The 
shies become scattered and visibilities improve after 1CC0 
PDT, with the greatest visibility being 25 miles. 

The airborne (spiral) profiles, Figures 26-2£, shew 
near-neutral tc stable conditions within the mixed layer and 
stable conditions above. From 1710 to 1252 PDT, the mixed 
layer depth decreases from k -50 to 300 m along a line extending 
from 13 to ?6 hm west of MP3, Figure 10. The soundings from 
the R/Y ACANIA (Figure 29) and TIPS (Figure 30) show very 
unstable conditions near the surface. The R/Y AC AT: T A was 
43 km west of NFS, Figure 6. The APS sounding could be 
influenced by heat rising from the land. The ACAAIA sounding, 
1225 PDT (Figure 29) , has lower virtual potential tempera- 
tures than the spiral profiles which also causes the mixing 
ratio tc have lower values because it is computed from 

relative humidity and temperature measurements. 
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Figure 26. 1 Fay 1980 at 1710 FDT. Aircraft profile of 

virtual potential temperature ('cot tom scale, in degrees 
Celsius), solid line, and mixing ratio (top scale, in grams 
per kilogram), "broken line, versus height. 
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The 1702 FDT spiral profile, Figure 27, dess not s hew 
a definite nixed layer. The predicted extinction orofils has 
a near exponential shape at 175^ FDT, Figure 31, v/hich is not 
correlated with the observed aerosol extinctions. It is 
believed that the lew wind speeds, 0.9 n/s , causes the pre- 
dicted values to be primarily continental and to be determined 
by relative humidity. In contrast, she 1903 POT (Figure 32) 
profile shows a definite inversion and the predicted extinction 
values are better correlated with observed values within the 
mixed layer. Predicted extinction values are definitely less 
than the observed values above the mixed layer. 

2. 3 hay 1980 

The third of hay is chosen because all spiral profiles 
show classic examples, Figures 33-37, of a well mixed boundary 
layer capped by an inversion. This assessment is based on both 
the virtual potential temperature and mixing ratio distri- 
butions with height. 

The winds are 7 to 10 kt ; therefore, production is 
occurring during the afternoon and the surface layer is 
unstable through the whole day (Table II). Therefore, pro- 
duction is with quite good mixing. The area is behind a 
weak frontal system, which passed through the area in the 
early hours of the day before. Again, early morning hours 
are dominated by low clouds and fog, with a lowest visibilit 
of two miles. The skies become scattered and the fog dissipates 
by 1000 POT. Low clouds occurring again in the area at 
1700 PDT, but the visibility remains unrestricted. 



57 






LGT (EXTINCTION) 



-4 -3 -2 -1 0 1 



£ 

y. 



i- 

i 

M 

Ld 

X 




REL HUMIDITY 

U= 4.9 LnMBDH= 3.75 



Figure 31. 1 

(cotton scale) 



lay 19 c 0 at 
solid line 



"DTl rn 
r -L 



175 " 

observed 



rofile of 2 
extinction 



“ 3 1 r 



ative numidi t: 



coen icierr 



( tcp scale), series of short solid and dashed lines, and pre- 



dicted extincticn coefficients, 
versus height 
speed (U) 



“ies 0 : 



4.6' 



short 

op scale is logarithmic, where 
m/s and wavelength (LATbBDA) at 



sclid lines 
1 is 10. hind 
3.75 -microns . 



58 



LGT (EXTINCTION) 



-4 -3 -2 -1 ' 0 1 




REL HUMIDITY 

U= 4.9 LRMBDR= 3 . 75 



Figure 32. 1 May 19?0 at 1903 profile of relative hum id i" 

("bottom scale) solid line, observed extinction coefficien 
(top scale), series of short solid and dashed lines, and 
dieted extinction coefficients, series of short solid lin 



y 



versus height 
speed (U) at 



lop scale is logarithmic, where 1 is 10. find 
6 m/s and wavelength (LAMBDA) at 3.75 microns. 



(D h d cf 



HEIGHT C Km ) 



MIX RRTIO CG/KG) 



2 4 6 8 10 




10 15 20 25 30 35 



VP TEMP (CENT) 



Figure 33. 3 Fay 1920 at 103S FDT . 
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Figure 3 L . 3 -"ay 1920 at 1143 FOT . AircraT ^ 

potential temperature ( "bottom scale, in degrees 

and mixing ratio (top scale, in grams per 1:11 gram) , 
1 ' versus height. 
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Figure 35 * 3 '--ay 1920 at 1652 PDT. 
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Figure 36. 3 Fay I960 at 171/-;. PDF. 
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42 5 to 500 m along a line extending from 43 to 83 km to the 
west-northwest of RFS , Figure 11. hence, the mixed layer is 
quite uniform in the horizontal. In the afternoon (figures 
35 _ 37) » the mixed layer depth increases from 300 to 500 m 
along a line extending from 13 to 122 ’em from 1.22 , Figure 11. 
All profiles, Figures 38-40, support an assessment of a con- 
vective mixed layer hut each has an anomolous feature "/hen 
compared with the others. In the 0800 FDT 2F3 sounding the 
level above the mixed layer is much drier than any of the 
spiral profiles; a mixing ratio of approximately 1 gm/hg 
compared to approximately 3 gm/kg. Ihe 0845 FDT AC Ah I A 
sounding shows a rapid decrease in virtual potential 
temperature above one km, which is not observed in any of the 
other profiles. This decrease affected the mixing ratio 
as well. The location of the ACAhIA at 0845 FDT -/as 39 
km to the west-northwest , and at 1555 FDT the location was 
64 lorn to the west -northwest , Figure 7. In the 1 555 FDT 
sounding the virtual potential temperature is approximately 
six degrees lower than any of the other profiles. 

Relative humidity and predicted and observed extinc- 
tions for 3 hay appear in Figures 41-A3 . The day has the 
most representative example of a well mixed boundary layer 
for relative humidity which increases uniformly with height 
to the inversion where it drops off sharply. Observed 
extinctions have rapid increases at 



cc 



the ten of the mixed 



HEIGHT (Km) 



MIX RRTIO CG/KG) 



Figure 
potent 
line , 
bro ten 



0 2 4 6 8 




. 0 1 1 1 1 1 

10 15 20 25 30 35 



VP TEMP (CENT) 

MRG 05/03/80 800 

_3S . 3 Fay 1980 at 0800 POT . TPS profile of virtual 

Lai temperature (bottom scale, in degrees Celsius), s 
2 nd mixing ratio (top scale, in grams oar bilcgram) , 
line, versus height. 



/ r-’ 

O < 



HEIGHT (Km) 



MIX RATIO CG/KG) 



2 4 6 8 12 




0. 01 1 1 u 1 1 

10 15 20 25 30 35 



VP TEMP (CENT) 
MAG 05/03/80 845 



igure 39- 3 -.ay 1930 at 0845 POT . 

cteatial temperature (bottom scale 
ine, sad mixing ratio (sop scale, 
rcken line, versus height". 



AC APT A profile of virtual 
, in degrees Celsius) , solid 
in grams per kilogram) , 



68 



HEIGHT (Km) 



MIX RRTIO (G/KG) 



2 4 6 8 10 




VP TEMP (CENT) 



MRG 05/03/80 1555 



Figure < 40 . 3 Fay 1380 at 1553 POT 
potential temperature (‘bottom seal 
line, and mixing ratio (top scale, 
bro’cen line, versus height* 



a n y "nt ~r * 

ir- pTC 

, in degrees 
ir* grams psr 



file of virtu 
Celsius) , sc 

---l r 0 ^r aiii ) , 



c3 



Cv5 rH 



LGT (EXTINCTION) 



-4 -3 -2 -1 0 1 



e 

* 



h 

i 

0 

M 

Ld 

1 




REL HUMIDITY 
U= 3.6 LRMBDfl= 3.75 



Figure 1-1 . 3 ::.ay 19 SO at 

("cot tom scale) solid line 



1041 FDT profile of relative hue 
observed extinction ccefficien 



(lop scale), series of short solid and dashed lines, and 
dieted extinction coefficients, series of short solid lin 
versus height. Top scale is logarithmic, vhere 1 is 10. 
speed at 3.6 m/s and v/avelength (LAI'JBBA) at 3.75 microns. 



Ldity 



line 



70 



CD‘d cl 



HEIGHT (Km) 



LGT (EXTINCTION) 



-4 -3 -2 -1 0 1 




U= 



REL HUMIDITY 
4 . 4 LHMBDR= 



3 . 75 



Figure 42. 3 -ay 1980 at 1158 FDT profile of relative humidicy 

(bottom scale) solid line, observed extinction coefficients 
(top scale), series of short solid and dashed lines, and pre- 
dicted extinction coefficients, series of short solid lines 
versus height. Top scale is logarithmic, where 1 is 10. Tina 
speed at 4.4 m/s and wavelength (LAI-130 A) at 3.75 microns. 
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figure &3 . 3 May 195C at 173C FIT profile of relative humidity 
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layer due do clouds (extinction values greater than 1C), and 
then rapid decreases immediately above the inversion. Che 
predicted extinction also increases at the top of the mixed 
layer but not as large as the observed extinction. In 
general, predicted and observed values agree near the surface 
but not near the tcp of the mixed layer. The predicted 
values do not agree with the observed values above the 
inversion . 



3 . 5 hay 1930 



The fifth of hay is chosen because of a weak inversion 
and a relatively deep mixed layer. 

The winds are 7 to 1C kt , therefore, active production 
is occurring in the afternoon and the surface layer is unstable 
during most of the morning and becomes slightly stable for 
the rest of the day (Table III). Active production is 
questionable because of the low wind speeds. 

During the hours before sunrise, scattered low clouds 
dominate the area. From just before sunrise until 0900 PDA, 
lev; cloudiness and fog dominate the area with middle and high 
level clouds moving in. A frontal system passes through 
the area at approximately 1300 PD T, and the visibility improves 
to 25 miles and laser to 4-5 miles. After the frontal passage, 
the sky becomes broken and the winds increase with gusts 
to 22 kt between 1-C0 to 1700 PDT. The skies become scattered 
by 2000 PDT and the high clouds move out of the area. 
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frontal passage, 13 CO PDF, tie spiral pro- 
files (Figures b-A-Af) exhibit a weak inversion near 550 to 
cCC m and slightly stable conditions within the mined layer. 
The radiosonde profiles, Figures 5C _ 52> exhibit unstable 
conditions within the mixed layer but there is r.c definite 
height except for the 1150 ?DT AC APIA profile which has a 
well mixed layer with a depth of 4 CO m. After frontal passa 
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:iral profiles (Figure 4-7-49) exhibit 



a mixed layer depth increasing from 20C m 9 Am from APS to 
above lcCO m 95 Am from NFS, Figure 14. The h?S radiosonde 
profile at 14-55 FFP (Figure 53) exhibits unstable conditions 
as the lower levels, while the AC Ah I A radiosonde profile at 
loOO ?DT (Figure 5^) exhibits a strong stable condition. 
There is very little agreement in the near surface values 
of virtual potential temperature between any of the radio- 
sonde profiles. 
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the area is still behind the frontal system which 
passed through the area on the fifth, another system is 
approaching from the northwest, Figures 22 and 2 A. Scattered 
clouds, with occasional clear periods, exist eve r the area until 
1553 PIT, when a deck of low clouds moves in. She visibilities 
remain unrestricted throughout the day. 

The morning aircraft (spiral) profiles (Figures 53 
end 60) exhibit a shallow (200 m) to moderately deep (A 25 m) 
mixed layer at L '-6 and 09 Ism to the west-nerthwest of 1P2, 

Figure 15. In the afternoon, the profiles (Figures 61-63) 
again exhibit a shallow to deep (200 to 600 m) mixed layer as 
the aircraft went outward from shore Figure 16 . However, the 
soundings from the ACAHIA and NFS do not support a well 
defined mixed layer. The morning soundings at IPS ( 0800 POT) 
and the ACAHIA (0035 POT), Figures 6A and 65 respectively , 
could be made to agree with the spiral profiles by neglecting 
the first two or three levels of the virtual potential 
temperature profile. This would place the top of the mixed 
layer at HFS at 200 m and at the AC AH I A at ~CC m. The AC,.HIn 
was 6? bm to the west-normhwest of HP3, Figure 9. Hov/ever, 
above the mixed layer the HFS sounding shows a decrease in 
the values of virtual potential temperature and an increase 
in mixing ratio at the middle levels compared to the spiral 
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.las. riis 



sound. mg shov/s a iov/er value of virtual 
potential temperature, for all values above the mined layer, 
compared zo the spiral profiles. The afternoon b?3 sounding, 
rif (figure 66), shovs the top of the mined leyer to be 
at cCC m v/hen it should be at 200 m according to the spiral 
profiles. It also shov/s a drier region above the top of 






ay active 2:eneraa ion ana a strong 



inversion 'vhich varies in height vith location, predicted 
extinction values (Figures 6? and co) ere definitely largj 
than the observed values near the surface. The observed 
extinction values are net in reasonable ag: 
those oredicted . 
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Results predicted in the previous section clearly show 



That 


the predicted valu 


es and 


The 


actual values of extinction 


ere 


correlated to seme 


d e a r e e 


in 


the mixed layer, .-'her. they 


diff 


er, the deviations 


appear 


to 


be due to both v/ind speed 



and relative humidity specifications in the model. rhe 



v/ind speeds used in the model are averages ever time and are 
not the local wind at the time of the observed profile, _his 
appears to have had the effect of causing the predicted profile 
to be biased toward higher or lower values depending on whether 
the wind speed is over or below 7 m/s. Higher predicted 
extinctions were associated with wind speeds that are too 
high and a lower predicted extinction indicates wind speeds 
too lev; on the average. 'Hind speeds recorded from the ship 
are believed to be within an accuracy of ten percent 
/"Schacher et al, 19c0a_7 and average relative humidity are 
believed to have accuracies within three percent. In view 
of these accuracies of the two controlling factors, the 
results of the predicted extinction values could still net be 
adjusted to agree with the observed results. Another reason 
for the differences between the predicted and observed 
extinction profiles could be round-off and/or truncation 
errors of the empirically derived coefficients of the 



prediction model. This is not believed to have been the 



1C5 



reason. Oven if all the above measurement and computational 
errors could have been corrected, the predicted extinction 
values would net be the same as the actual extinction values 
in *tiie mined layer* 

A significant aspect of the comparison is that if the 
predicted value ;vere normalized with the actual value of 
extinction in the lower mixed layer, there seems to be a 
higher concentration cf aerosols near the top of the mixed 
layer than predicted by the model. This could be explained 
on the basis of the relative humidity sensitivity of the 
growth, as shown by Fitzgerald (1978), Figure £ 9 . it is a 
reality that at a high value of relative humidity slight 
errors would drastically affect the predicted values. 

This has to be considered in view cf the three percent uncer- 
tainty in the relative humidity measurement. 
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The model includes Toth a maritime and continental com- 
ponent above the top of the inversion. However, she maritime 
aerosols are trapped below the inversion so the region above 
was composed solely of continental aerosols. This leads to 
predicted values being larger than those actually measured 
above the inversion since a maritime source as included which 
did net exist. Also, the model specifies an exponental 
decrease with height rate for lev/ relative humidities which 
was not found in the observed extinction. 

Differences between the spiral profiles and the radio- 
sonde profiles suggest that radiosondes can not yield accurate 
prediction profiles. Extinction profiles from an accurate 
model based on radiosonde data would be in error due to 
measurement capabilities. 

The LCV; IRAK 3B profiles (figures 1 and 2) are not 
adequate because they are exponental even within the mixed 
layer. The model yielded relatively accurate extinction 
values near the surface, out yielded erroneous values at 
altitudes. This is because realistic relative humidity 
distributions are not considered. At sea, as seen, LCTTRAI. 3- 
users risk underestimating the range when a fixed trans- 
mittance occurs /"Hughes, 196C_7. Over long over water slant 
path ranges, LC'JTRAH 35 should not be used for open ocean 

vertical distributions of aerosol extinction. 

*3 OP 
— K \ m 0 



J. I— < ^ W i 



rased on conclusions in part A the following re commenda- 
tions are made: 

(1) ...ore sensitive radiosonde instruments should be 
developed alcng with calibration instruments. The perfect 
model, without accurate measurements of relative humidity, 
".'ill not ce able to accurately predict extinction. 

(2) ‘.experiments should be conducted in the Gulf of 
Mexico, off the eastern coast of the United States, and 
in the acrid region of the southwest. ihis is because 
off the California west coast the relative humidity is 
usually not high compared to other U.S. continental coastal 
regions. The Gulf cf Mexico would have a higher relative 
humidity when winds are from the south around the Bermuda 
high. The northern part of the east coast would have off 
shore wind flow around the Bermuda High. And the southwest 
would be lacking a moisture source. 

3. Cne model should not be used to predict vertical 
aerosol extinction for different type regions. -his is 
because cf the continental component, lather, a basic 
model should be modified for individual regions, for 
example: the Hells- Hats model could be modified for the 

lest Coast to have only a continental component above the 
inversion of a mixed layer. An arid region might have only 
a continental component. The Gulf region might have only 
a maritime component during certain seasons and a mixed 
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